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Luthex Terry,  W.D. 
Surgeon Osneral  
U.S.  Public Health Service 
Dept. of H e a l t h ,  W c a t i o n ,  and Welfare 
Be theoh  14, Warytand 

Dear Dr.  Terry8 

The enclosed information, which follow8 the 'Qut l ine  for Invent ion 
Reportsn, war requostad by #is8 Katharine A. Parent i n  a letter of 
September 30, 1963. 

1. Title of discowrry. A t o t a l l y  implanted, c o n t r o l l a b l e  cardiac 
pacemaker . 
2. Information about inven to r ,  The writer, Adrian K a n t r d t r ,  M.D., 
and t h e  Oeneral B l a c t r i c  Co. invented  the pacemaker. W y  res idence  
is a t  546 mat 17th street, Brooklyn 36, N.Y. 
i s  the Depurtaent of Surgery,  Maimonides H o 8 p i t a 1 ,  4802 Tenth 
Avenue, Brooklyn 19, N.Y. My official t i t le 58 Director of Cardio- 
vascu la r  Surgery. My c o n t r i b u t i o n  was the  csncept  of t h e  pacemaker 
and s p e c i f i c a t i o n s  for i ts  cons t ruc t ion .  De8ign of t he  c i r c u i t  and 
components as w e l l  as the case and leads of e a r l y  m o d e l s  was carried 
out by t h e  Qener.1 B l e c t r i c  Company's B lec t ron ic s  Laboratory i n  
Syracuse,  N.Y. 
m o d i f i e d  the care and  leads fox the  later a&ls and now ha8 f u l l  
responsibility for t h e  mcemakerr. 

~y tmsinbro address 

The Company's X-ray Divieion i n  Milwaukee, W i s . ,  

3 ,  Faci l i ty  at which diecowry wa8 ma&. The idea was conceived 
and preliminary studies uere made i n  the Surgical Research Laboratory 
a t  the  m r d  Neimeth I n s t i t u t e  for Medical Research, Mrrimonidar 
Hospital , B r & o k l y ~ ~  

4 , 4 ' j h n t r i b u t i o n  of faci l i ty  to  discovery. 
Of Haimonidee Horpita1 and spend 8 b o U t  50% of my t i m e  on research 

I am a f u l l - t i m e  employee 

aupported by the  National I n s t i t u t e s  of Health. The Edward N d m c r t h  
X n s t i t u t e ' r  c o n t r i b u t i o n  inc luded  use  of l abora to ry  aqimal q u a r t e r s  
and  ope ra t ing  r-8, offfccaa, macune  shop and e l e c t r o n i c s  laboratory. 
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5 0  Pa ten t  policies of faci l i ty .  Article 7 of the  By-Jaws of 
Maimonides Hospital states t h e  f o l l o w i n g  pa ten t  p o l i c i e s :  

" A l l  invent ions ,  dhcweriet, and iutprovea#mts made by any  
person i n  the employ of the Corporation or while rece iv ing  
any compensation for h i s  services, or while us ing  any of 
the  facilities of t h e  Hospital, o h a l l  be the  property of 
t h e  Corporat ion t o  be usad by i t  for the purpose of f u r t h e r i n g  
t h e  aedical science80 

@The Board  o f  Trustees may, howaver, p e r m i t  t h e  d iscoverer  
or t h e  inventor  t o  participate i n  the incame, i f  any, from 
t h e  discovery or invent ion.  

Ythe praviricms of t h i e  A r t i c l e  aray be waived by the  Board 
of Trusteee." 

60 O t h e r  organization. c o n t r i b u t i n g  to discovery. The General  
Electric Ccnnpany ( B l e e t r o n i o  Laboratory, Syracuse,  and X-ray 
Division, Milwrulcee) is t h e  only o r g a n i t a t i o n  involved i n  this  
disc over yo 

7 .  Contr ibut ion  of this axgani ra t ion .  The pacemaker was designed a n d  
cons t ruc t ed  e n t i r e l y  at 0 8 ' 8  expeni3e i n  men, raoney, facilities and 
aaaterialm. 

80 Pa ten t  policies of t h i r  organisa t ion .  ?'hie information m y  be 
obta ined  d i r e c t l y  from t h e  Qeneral B l e c t r i c  Company. 

9. Descr ip t ion  of invent ion .  An e l e c t r o n i c  paceraaker--conristing 
of 5 batteries, 3 resistors, 2 tranciotor.,  and 1 capacitor sealed 
i n  a S i l a e t i c  ca8e-h designed for implanta t ion  i n  an  abdareinal pocket, 
The u n i t  weighs 4 OS. and tmamres 4 x 6 x 13 em. The component. 
axe ar ranged  t o  g&ve r 3-volt impulre to  t h e  heart arsry 2 m i l l i -  
rsconds via two r t a S n l e r s - ~ t a e l  electrodes passed from t he  u n i t  and  
eraboddad i n  t h e  myacsrdiuaa. A l e 0  available is an  optional e x t e r n a l  
c o n t r o l  i n  a l igh tweight  case connected t o  an  induct ion  co i l  which 
is taped on the  a w n  over the  implanted pacemaker. When the 
p a t i e n t  i s  under unusual physical stresm, the pulse.aray be raised 
anywhere betwean the i n t e r n a l  u n i t  ' 8  fixed rate of 65 per minute 
and 120 per dnute .  

y L L t L  

10. Objec t ives ,  advantagecr, and use8 of dincavery. The o b j e c t i v e  
i s  t o  provide a system far regular and reliable r t i ~ l a t i o n  of the 
heart i n  cases where i t s  own i n t r i n s i c  rhythm has become so ser iout t ly  
d i s t u r b e d  that the p a t i e n t ' @  life, is jeopard ized  and medical therapy 
58 unavai l ing.  Among the advantages of t h i s  pacemakefare i ts  total  
i m p l a n t a b i l i t y  obv ia t ing  wires pa8sed through the  r k i n  d t h  r i s k  of 
i n f e c t i o n ,  it. small size,  l i gh t  weight,  and  l o w  power d r a i n .  Aleo, 
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the palre rate can be readily increaeed  with the optional e x t e r n a l  
c o n t r o l  When dar8irabl8, o.Q.,  during per%& of *tress such a8 
i n f e c t i o n  or blood lor8 when the k a r t  rate would normally be 
accelerated. 

11. Importance and usefu lnees  09 dimeovary i n  U.S. and f o r e i g n  
count r ies .  
wreful i n  the t reatment  of camplate heart block with or without  
S t o k e s - A d a m 8  seirurc .8  which r t  pre8ent  affects numerm8 persona i n  
the U.S. and elsewhere, Widespread u r e  of there &vices may 
appreciably reduce the high mor ta l i t y  rate i n  t h i r  p a t i e n t  group. 

fmplantable  cardiac pacemakers are beoaring i n c r e a s i n g l y  

12. Perooaal  desires on applying for a paten t .  None. 

13. I do no t  feel qualified t o  judge whether pub l i ca t ion  would be 
adequate t o  ensu re  the availabil i ty of Ulir discovsry  to the  public. 

14. Information on conception of inven t ion  and i t s  reduction t o  
actual practice. It bgcawr clear t o  m e  early in 1960 that a device 
8uch as t h i8  would r e t u r n  t o  u s e f u l  a c t i v i t y  many persona s u f f e r i n g  
from complete heaxt block. 
of a ' s  Bloetronics Laboratory i n  Syracuse who reduced t h e  idea t o  
a func t ion ing  device dur ing  that year. 

Meetings were ar ranged  with engineers  

19. Supporting evidence of item 14. Our laboratory records inc lude  
voluminous notes  on animal e2cprirsrnts  as w e l l  as o b s ~ x v a t i o n s  i n  
human p a t i e n t 8  du r ing  the  development and subrequent modif ica t ions  
of the pacemaker. 

16. Dirclo8ure of diicw8ry t o  others. 0u;- experience with the de- 
vice has been Widely dirssainated i n  the s c i e n t i f i c  c o n u n i t y  by 
meaLns of the f o l l d n g  published papers and nuwrous t a lk6  a t  major 
medical meeting. P 

Krntrowitx, A.8 Electronic physiologic aidr. Proc. 3rd IBM Medical 
S y w  sfw, October 1961, New York. 

Kmttmdts,  A.: LLfa 8uppo~t by control af internal environment-- 
artificial heaxfa, l u g 8  and plreelaakerr. MZREM Record, N o v d e r  1861. 



Luther Terry, M,D. -4 - 
KurtrowitS, A. :%he physiologic implication of implanted cardiac 
pacePrrkers i n  huaaan8, Eixcerpta Med., Internalit9Corqresr Series 48, 
Infernatioxul Congress of Physiological Sciences, No. 761, Septem- 
ber 1962 . 
Kantzowitl:, A., Cohen, R., Raillaxd, H., SchrPidt, J. and Feldman, 
D.S.t Tke hreatment of complete but block w i t h  an implanted 
controllable pacem~kex. Swcg. c3ynec. Obatat,, llSt415, 1962. 

Rantrawits, A. t C l i n i c a l  experience with m implanted controllable 
cardire plccpmaker. Digest 15th A m .  Conf.  Bryl ineering i n  Med. and -. B i O 1  ’ Po 64, NOVePbeY 1963. 

Kantraoritr, A. : Bxperiwntal IlLd c l inba l  expexience w i t h  a new 
dolplurtablo cardiae pacemaker. Bull .  Sew. Iat. ah., (bt691, 1962. 

F e l d m ~ a ,  D .S .  and Kurfrowitt, A.t  Blectriorl characteristicr of 
human ventricular rayoeaxdiula atiowilrted In Vivo. C l i n .  Res. 
1181x22, January 1963. 

Kantrdts, A.: Imp’lanted cardiac prconmkers. In press (Ann. N.Y. 
Acad. S d . ) .  

Kantrawitr, A.: Problems in the clinicla1 w e  ef implantable 
cardiac pactiimakera. In pres8 (3. Curdiov. S u r q . ) .  
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17. General Blectric Coraprny engineera  involved i n  development of 
t h e  pacemaker during 1960 were: J.J.  Suran, J.D. Schmidt, and 
Heins Raillard. To my knmledgo,  these engineers  are still  
asrociated d t h  08. Xn our h o r p i t a l ,  Richard Cohen, M.D., w a s  
involved w i t h  m e  i n  e a r l y  expsximenta and, during development of 
tho pacemaker, D.S. Feldaun, M.D., of t h e  N~~wtology Service made 
precire a t u d i e s  t o  datermine tryocardial n e e a  in r e l a t i o n  t o  
electric r t i s a r l a t ion .  

10. The fo l lowing  reports an u s e  of 8imilar device8 w e r e  in the  
litrlxatC;:e a t  the time of the disrcoveryt 

Z o l l ,  P.M. - Resusc i t a t ion  of the heart in v e n t r i c u l a r  
s t a n d r t i l l  by e x t e r n a l  electric s t imula t ion .  New Engl. 3. 
Med., 247, 1932, 768-771, 

Suran, J.J. - Circuit properties of the PPlpN t r a n s i s t o r .  
Proc. Nat. Conf .  Aeronaut. B l e c t r ~ n i c m ,  May 1956. 

?hirich, W.L., Oot t ,  V.L. and L i l l e h e i ,  C.W. - The t reatment  
of complete hear t  block by the combfned use of a myocardial 
electrode and a n  a r t i f i c i a l  pacemaker. Surg. Forum, 8 ,  1957, 
360-3630 

Furman, S. and Robinson, 0. - The w e  of an intracardiac 
pacenaaker i n  the c o r r e c t i o n  of total  heart block. Surg. 
Forum, 9, 19S58, 245-248. 

Hunter, S.W., Roth, N . A . ,  Barnardet,  D .  and Noble, J.L. - 
A bipolar aayooardirl IrXectrocle for complete h e a r t  block. 
Lancet, 79, 1959, 506*508. 

Olenn, W.W.L., Hauro, A. ,  Longo, B . ,  h v i e t e s ,  P.H. and 
Mackay, F.J. - Remote s t i m l a t i o n  of the heart by radio- 
frequency t r anaa i s s ion .  New Bngl. J. Med., 262, 1959, 948-951. 

Chardack, W.M.* age, A.A. and Greatbatch, W. - A transistorized, 
se l f -conta ined ,  implantable  pacemaker for t h e  long-term 
c o r r e c t i o n  of complete heart block. Surgery,  48, 1960, 
643-6940 

Please  do not  hen i t a t e  t o  request any f u r t h e r  material needed. 

Sincerely,  

AKtetg  

Adrian K a n t r d t r ,  M.D. 
A c t i n g  Director of Surgery 


